METADATA AND NUMERICAL DATA CAPTURE:
Derived Thermodynamic Functions

From adiabatic calorimetry
(for 1 —- Component)

Guided [ata
Capture (GDC)

This tutorial describes
METADATA AND NUMERICAL DATA CAPTURE:

for Derived Thermodynamic Functions
with the Guided Data Capture (GDC) software.




NOTE:

The tutorials proceed sequentially to ease the
descriptions. It is not necessary to enter all
compounds before entering all samples, etc.

Compounds, samples, properties, etc., can be
added or modified at any time.

However, the hierarchy must be maintained
(i.e., a property cannot be entered, if there is no
associated sample or compound.)




The experimental data used in this example 1s from:

J.Chem Eng Data 1997, 42 475487

Thermodynamic Equilibria in Xylene Isomerization. 2. The
Thermodynamic Properties of m-Xylene'

K. D. Chirico,” 5. E. Knipmever, A. Nguyen, .J. W. Revnolds, and W. V. Steele

Bartlesville Thermodynamics Group, BEDM Petroleum Technologies, PO, Box 2543,
lartlesville, Oklahoma 74005

475

Measurements leading to the calculation of the ideal-gas thermodynamic properties for mxylene are
reported. Ex :u_=u|11n_=|1hl methods included m:inlﬂtn: heat- mpm:m E11D11I11E'[1"-, (3 K tod30K), uhmrmn
tube densitometry - al-scanning
calorimetry (DSC). The critical tem perature was measured h'u DSC. Saturation heat capacities for the
liquid phase between 430 K and 550 K and the critical pressure were derived with the vapor-pressure
and D5C results. Results were combined with an enthalpy of combustion reported in the literature to
derive standard molar entropies, enthalpies. and (ibbs free energies of formation at selected temperatures
between 250 K and 550 K. The standard state is defined as the ideal gas at the pressure p = p" =
101,325 kPa. Standard entropies are compared with those calculated statistically on the basis of assigned

vibrational spectra for the vapor phase. All results are compared with literature values.




m-xylene

Derived Thermodynamic Functions:

Csat,m (T) ’ { H (T) -H (0)} ’ \) (D -S (0)

Table 8. Molar Thermodynamic Functions at
Vapor-Saturation Pressure for m-Xylene® (R = 8314 51
J-K bmol )

L ;-;ll.ur'l -"I'lq:-ursrlr'l -'J'I-|'|rH|||-'I ( ;*-ill rlr'l -"I'l{-|r5|||-'l -"'l|-:r|H||r'l
T " M RT T " " nr
Crystals

5.00 0028 0009 0007 89000 82582 828l 4.609
10,00 0265 0082 0062 10000 B.745 9.178 5.081
15.00 0844 0287 0217 12000 9.654 10.853 45767
20000 1651 0637 0472 140,00 10577 12410 G388
30,00 3431 1645 L1163 16000 11.535 13885 G6.071
40,00 4937 2848 1928 18000 12521 15300 7.533
50,00 G002  4.073 2643 20000 13.527 16671 R.O8Z2
G000 6.749 5237 3268 220,00 14.582 18.009 B.624
T0.00 7322 G322 3808 22530 14.880 18359 R.TGR
B0.00 7821 7.323 4279
Ligquid

22530 19362 24575 14.984 40000 26444 37.351 18.308
240,00 19.772 25.812 15264 42000 27419 38665 IR.TIA
260,00 20410 27.419 15635
280,00 21.133 288958 16.001
208.15 21848 30307 16.335
300,00 219523 30.442 16.369
320,00 22.765 31.884 16.743
340,00 23642 33200 17.122
360,00 24.554 34.667 17.510
380,00 25490 36.020 17.905

Data sets considered
here.

NOTE: Each phase will
be considered separately

Experimental Method Info

Adiabatic Calorimetry



. Guided Data Capture - Thermophysical and Thermochemical Data
File Edit Tools Help

Reference Cornpound Sarnple [Miwkure Reackion o | Daka Tables

=1 1997 chi kni 0

2. CLICK
Data Tables

1. SELECT the sample of the
compound for which the
data are to be captured.

NOTE: The bibliographic information, compound identities,
sample descriptions, and mixture were entered previously. (There are
separate tutorials, which describe capture of this information, if needed.)




im. Data Table Processing

m-sylene

Cancel

1. SELECT the type of
table: Thermal
functions for a pure
substance derived from
heat capacities.

2. CLICK OK.




Transform the multi-column data
into single columns.

NOTE: This can be done in any spreadsheet
software (e.g., EXCEL)

I1I1I1L 9. Molar Thermodynamic Functions at
Vapor- ‘ﬂlm ation Pressure for m-Xylene® (ff = 8.314 51
JK bmol Y

[ -'J'h{Sm'l -"'I-nlnrHlu-'l [ -'J'If'ur5|||-'. -"'I-nl'r:Hln'l
T " " rTr i " I rTr
Corystals

500 0028 0009 0007 0000 8202 8281 4.600
1000 0265 008 0062 10000 8745 9178 5081
1500 0844 0287 0217 12000 9654 10.853 5767
2000 1651 0637 0472 14000 104577 12410 G388
an00 3431 1645 LIG3 16000 11535 13885 6.07]
4000 45937 28489 1928 180.00 12521 15300 7.533
000 G002 4073 2643 20000 13527 16671 8082
GOO0 6745 5237 3268 22000 14582 18005 8624
7000 7322 G322 38OB 22530 14880 18358 8768
B0.00  T.HZl T.A33 4270

Liguid

220,30 19362 24575 14.984q4DD.DD 26.444 37.351 18,308
240,00 19.772 25812 15264 42000 27419 38655 18719
26000 20410 27.419 15635 44000° 2841 3996 19.14
280,00 21.133 28858 16001 460.00° 2944 41,25 19.56
208,15 21848 20307 16335 480.00° 3051 4252 2000
30000 21923 30,442 16360 500,007 2165 4379 2044
32000 227655 31.884 16.743 520,007 3289 4506 20.89
24000 23642 33290 17122 540007 34.30 4633 2136
36000 24554 34667 17.510 550007 3510 4695 2161
38000 25480 36,020 17905

225.30 14.880

18.359

[ T/K | Csat/R| S/IR |(H-HO)RT
crystals
0.009 0.00
0.082 0.062
0.287 0.21
5000|1651 0.637 0.472
30.00 3.431 1.645 1.16
40.00 2.849 1,928
50.00 m 2.073 2.64
50.00 5.237 3.268
70.00 7.322 6.322 3.808
80.00] 7.821]  7.333 2279
90.00 8.281 7,600
700.00 9.178 5.081
120.00 10.853 5.76
... 12.410 6.388
160.00 13.885 6.971
180.00 -W
200.00

8.76 8




. Thermal functions for a pure substance derived from heat capacities ;|g|5|
File Edit Help
Property
| nits
1 5, 00; n.ozg 0.0o0s 0.007
2 10.00 0265 0.0e2 0.0z
K] 15.00 0844 0287 0217
4 20.00 1.651 0637 0472
g 30.00 3.471 1645 1163 T/K_]csatR] SR _[(H-HOVRT
B 40.00 4.937 2,849 1.928 SRR
7 A0.00 E.002 4073
a B0.00 B.749 R.237
| 70.00 7322 B.322
10 a0.00 7.821 7333
11 90.00 82592 8261
12 100.00 8745 9178
13 120.00 9.654 10.853
14 140.00 10577 12410
15 160.00 11.535 13,885 9:178 :
16 180.00 12521 15.300 4~ 10.853 5.76
17 200.00 13827 16.671
18 220000 14 582 18.009 aE24 1'32'0606 O £l
15 22530 14.880 18.355 a.7Ea -
19.362) 24.575)
19.77 5.8
20.410 27.419 15.635
Clear the T able | Frocessz | Cancel 21:
21.923

30.442) 16.369
22.765| 31.88 16.74

PASTE the data for the first phase
(crystals, here) into the table.




appear after double clicking.

DOUBLE CLICK in each box above the columns to select the
Property and Units for each column from the menus, which

isi. Thermal functions for a pure substance derived from heak capacities =|0O] x|
iIE Edit Help
—
1 . 0.028 0.003 .00y
2 10.00 0.265 n.0g2 0.062
3 15.00 0.244 0237 0217
4 20.00 1.651 0Ee37 0472
] 30.00 3.43 1.645 1.163
B 40.00 4 937 2.843 1.928
7 a0.00 .00z 4073 2643
a B0.00 B.743 b.237 3,268
9 7000 732 B.322 3.808
10 20.00 .82 T.333 4,273
11 90.00 8292 |23 4 693
12 100.00 8.745 9178 5.0
13 120.00 9 654 10.853 b.7EY
14 140,00 10577 12.410 6,383
15 160.00 11.535 13.885 B.971
16 180.00 12521 15,300 7833
17 200,00 13527 16.671 a.082
13 220,00 14.532 18.003 a.624
19 22530 14.880 18.353 3.763
20
3
Clear the T able Process Cancel




CLICK here to fill the screen with the table.

. Thermal functions for a pure substance derived from heat capacities Eﬁl

Fil= Edit Help
Froperty
I itz
1 5,00 0.028 0.009
2 10.00 0,265 0.0az2
3 15.00 0844 0287
4 20.00 1.651 0E37
] 30.00 343 1.645
B 40.00 4937 2.849
7 0,00 E.002 4.073
a &0.00 E.749 b.237
9 70.00 T2 B.322
10 20,00 7.8 7333
11 90,00 8,292 8281
12 100.00 8,745 9178
13 120.00 9654 10,853
14 140.00 10577 12410
15 160.00 11,535 13,885
16 180,00 12,521 15,300
17 200,00 13527 16.E71
18 220.00 14,532 18.009
19 225,30 14,830 18,359
20

Clear the T able Frocess Cancel




Some menu items are wide. Column widths can be adjusted by
moving the dividers. This will allow the full text to be seen.

. Thermal functions for a pure su.stance derived from heat ca)p. “<ities ' =10 x|

File Edit Help

Froperty

itz -

1 ?2:;';;?&% = 0.028 0.009

2 Heat capacity at canstant pressur 0265 nogz2

3 Heat capacity at congtant wolume 0844 0287
Heat capacity at wapor saturation

; Stanu:laru:ll:I entﬂ._alp_l,l Hp[T]-H[EI] b ;ig:ll 'Iugi;
Enthalpy function {H[T]-H[O)HT : :

B Standard entropy S(T1-5(0 - 4937 2843

7 E.002 4.073

a E.749 B.237

| 7322 B.322

10 7.821 7.333

11 8292 8.281

12 8,745 9178

13 9,654 10.853

14 10.577 12410

15 11.535 13.885

16 12521 15300

17 13.527 16.671

18 14,582 18.009

19 14,880 18.359

20

4 [

Clear the T able Frocess Cancel




Non-standard units can be used by selecting ALL OTHER UNITS from the
menu and entering an appropriate conversion factor to the indicated unit.

i Thermal functions for a pure substance derived from heat capacities

File Edit Help

Property Temperature Heat capacity at vapaor zaturation prezsure Caat

Units K ALL OTHER UNITS =]

1 5.00 (N 0.0039 0.007
2 10.00 0. 25 0.0g2 0.0e2
3 0287 0217
4 0637 0472
5 1.645 1163
B 21849 1928
7 4173 2643
B x| 3.268
s ' Property val th | urits multiplied b 3808

roperty value in the orginal units muliplied by a ok

::? . corversion factar is property value inJAK mal; - jé;g
12 . ﬂl 5051
13 ] [Ciriginal % alue] * [Converzion Factor] = [Converted R T7ET
14 ] l"."'-EI|L,IE] i Aol g ee]
15 : Enter the Corvversion Factor here B.971
16 180.00 _— 7h33
17 200.00 <ELED 8.082
18 22000 a624

In the example, C,; /R values are converted to J/K/mol with the
conversion factor 8.31451 given by the authors.




. Thermal functions for a pure substance derived from heat capacities 18| x|
Eilz Edit Help

Property Temperature Heat capacity at vapor zaturation pressure Czat | Entropy E nthalpy function {HIT -HIOT
k. ALL OTHER UMITS ALL OTHER UMITS  [ALL OTHER UMITS
5.00 0.028 0.009 0.007
10.00 0.265 0.oa2 0.062
15.00 0.844 0287 0217
20.00 1.651 0637 0.472
30.00 343 1.645 1.163
40.00 4.937 2843 1.928
50.00 £.002 4073 2643
E0.00 £.749 B237 3.268
¥0.00 7322 B.322 3.808
20.00 781 7333 4.279
90.00 8.232 8281 4,639
100.00 8.745 9178 5.081
120.00 9.654 10.853 5.7E7
140.00 10.577 12,410
160.00 11.535 13.885
180.00 12521 15.300
200.00 13.527 16.E71
220.00 14,532 18.009
225.30 14820 18.359

The completed table looks like this.

CLICK Process.

Clear the Table | Process |




im. Property and experimental method for 1,3-dimethylbenzene + - IEllill

Help

1. SELECT Method of Measurement from the list
provided. NOTE: Other can be a valid selection and
should include a brief description in the Comment field.

Froperty

I itz

IHI_I_!_'IIII_IIUI'\III-\J

i

You are entering the data:

% |roriginal wnits (22 in the source] 0 Insyste cohverted)

Method af measurement:

YWacuum adiabatic calonmetmny

Experimental purpose: Frincipal abjective of the wark j

/_/‘

2. SELECT the Experimental
Purpose from the list provided.

/3. CLICK OXK.

Comment
[optional)

ok | Cancel




i, Edit: Heat capacity at vapor saturation pressure Csat {* 8.31451 1/K/mol) 2 o ]

Subztance:

1.3-dimethylbenzens

j Sample & m

Independent varable: Temperature
|V| Temperature j Uriits: I K

j Llr'u:erll v K i

L gl |

— Definition of Measurement Aesults [Absolute v Relatk

I Direct walue

1. Select the PHASE. (Crystal, here).
NOTE: Many fields in this form are filled
automatically, based on the information
entered in the table.

— [Data presentation

I Smoathed values

~] 2. ENTER the Precision, if known.

Froperty zet # |-|

Canztraint:

Phaze boundary

Phaze 1: IErystaI

=~

Fhaze 2: IGE'S

Precizion af the Property VW alue(z)

|01

= 8.31451 JAE fmal vz

Carmment ta this recard: |'|

Property and method | Mumerical D ata Cancel

3. CLICK

Numerical Data




. Heat capacity at vapor saturation pressure Csat {* 8.31451 1/K/muol} as function of 1 variable(s} : - |EI|5|
Eile Edit Action Help
Yar 1 | Property |

1 5.00: 0.028

2 10.00 0265

3 15.00 0.844

4 2000 1.651

5 30.00 3431

5 40.00 4 937

7 50.00 £.002

g B0.00 £.749 Q

I 1. CLICK View plot to
10 80.00 781
T T see a plot and to check for
12 100.00 8.745 .
13 1000 agse typographical errors.
14 140.00 10577
15 160.00 11.535
16 180.00 12521
17 200.00 13627
18 22000 14582
19 295 30 14.890 i, Heat capacity at vapor saturation pressure Csat as function of Temperature ;|g|5|

Tools  Help
4
12

Clear the T abls l

Wiew plot |

2. CLICK OK,
when done.

=Var I v 10




. Heat capacity at vapor saturation pressure Csat (* 8.31451 1/K,/mol) as function of 1 variable{s) - |EI|£|

File Edit Action Help

Var |F'r|:||:uartj..I |
1 5.00 0.028
2 10.00 0.265
3 15.00 0.544
4 20.00 1.651
] 30.00 343
E 40.00 4937
7 50.00 6.002
g 0.00 6.749
3 70.00 7.322
10 80.00 7.821
11 30.00 8.232
12 100.00 8.745
13 120.00 3.654
14 140.00 10.577
15 160.00 11.535
1E 180.00 12.521
17 200.00 13.527
18 220.00 14.582
19 225,30 14.850

Clear the T able | Cancel |

Wiew plot

CLICK Accept




1. The form for the next column (entropy, here) will appear.

. Edit: Entropy (* 8.31451 1/K/mol} as function of 1 variable{s} - |EI|£|

Substance: |'|,3-|:|imeth_l,l||:uenzene "I Sample # I'I "’I

Independent vanable: Temperature
’VI Temperature j UnitSilK j Llncerll = K '

.

2. The PHASE is
auto-filled.

— Definition of Measurement Bezults [Sbeolute vz Felative

Direct value

— Data prezentation

= 3. ENTER the Precision, if known.

Constraint | Single phase at fived pressure

I Smonthed values

Property set # |1

Phaze 1: IEr_I,IstaI j

Property and method Cancel |

Numerical Data

Frecision of the Property Y alue(s]

Comment ko this recaord: |




. Entropy (* 8.31451 1/K/mol} as function of 1 variable{s}) o m] [
File Edit Action Help
Yar 1 |Property |
1 B i 0.008
2 1000 0.082
E 15.00 0.287
4 20,00 0637
5 3000 1,645
5 4000 2849
7 50.00 4072 .
8 B0.00 £ 237 1. CLICK Vlew plOt to ChECk for
5 70.00 £.322 .
10 80,00 7333
0 ®mm typographical errors, as before.
12| 1onoo 3178
13 1000 1052
14 14000 12410
18 1enoo0 13885
18  1enoo0 15300
17 20000 1867
18 2000 18009
e 2. CLICK Accept.

Clear the Table

e plot | - Accept |
14

H=Warl |




1. The form for the final column (enthalpy function, here) will appear.

Subistance: (S ——"

w. Edit: Enthalpy function {H(T)-H(0)}/T (* 8.31451 J/K/mol} as functic 1of 1 ¥

Sample # m

=101

Temperature j'—'”itSZIK j Llnn:ertl * K

"Independent variable: Temperature

r-u.

Lo

— Definition of Measurement B esults [Abaolute v Felative

Direct walue

2. The PHASE is
auto-filled.

— Data prezentation

3. ENTER the Precision, if known.

=~

I Smoathed values

Constraint;

Property zet # |1

Phase 1: ||:r_|r|gta| j

Single phaze at fived pressure

Precizion of the Property Y alue(z]

Comment ko thig recaord: |

Praperty and method

Caricel |

Murnerical Diata

4. CLICK
Numerical Data

S




i, Enthalpy function {H{T}-H{0}}/T {* 8.31451 mol) as function of 1 variable(s) - |EI|1|
File Edit Action Help
War 1 | Froperty |
1 5.00: 0007
z 10.00 0.062
3 15.00 0217
4 20.00 0472
5 30.00 1.163
B 40.00 1.928 .
1 wm s 1. CLICK View plot to check for
g F0.00 3.808 Q
o0l typographical errors, as before.
1 50.00 4,633
12 100.00 5.081
13 120.00 5767
14 140.00 £.388
15 160.00 £.971
16 180.00 7533
17 200.00 8.082
18 220.00 8624
19 225.30 8.768 BT |0l x|

2. CLICK Accept.

Clear the Table Cancel

‘-

50 100 150 200

®=Varl |




w Thermal functions for a pure substance derived from heat capacities = IE’ Ill

File Edit Help

Property

Temperature

Heat capacity at vapor saturation pressure Caat

Entrapy

E nthalpy function {H[TI-HIOJHT

Lnits

K

ALL OTHER UNITS

ALL OTHER UNITS

ALL OTHER UNITS

1

2a. PASTE data for the next
phase into the table and CLICK
Process below.

it | 1) @ O 2 HEE & e

Goc

Your data have been processed
Maow you can enter ar paste data Far anather phase and pracess them

NOTE: After the final column
is processed, this form appears.

CLICK OK.

2b. CLICK Done, if data for all
phases have been captured.

Clear the Table |

| #rh. | Bse..| Ec. | 56 | Em | & | @Eu...”t:.rh...

&l &l

a3l B OMAZISE  wanan



. Thermal functions for a pure substance derived from heat capacities O] x|
File Edit Help

Property Temperature Heat capacity at vapor zaturation prezsure Czat | Entropy Enthalpy function {HT-HIOJ}T
[ ritz K. ALL OTHER LIMITS ALLOTHER UMITS  [aLL OTHER UMITS
1 225 30 13.362 24575 14984
2 240.00 19.772 282 15.264
3 260.00 20410 27419 15.635
4 280.00 21133 28.953 16.001
4] 29815 21.844 30,307 16.335
G a00.00 21,923 30442 16.369
7 32000 22768 1.884 16.743
a 340.00 23642 33.290 17122
3 360.00 24 5h4 34 667 17.510
10 380.00 25,440 36.020 17.805
11 400.00 26.444 7351 18.308
420.00 27419 38.665 18.719

PASTE the data for the next phase
(Liquid, here)

Clear the T able |

Process |

CLICK Process.

Data capture continues for the next phase exactly as
shown in pages 13 through 22 of this PDF example.



When data capture for the phase is complete, this screen will reappear.
Continue with any additional PHASES or CLICK OK and Done, as

[ ] [ ]
indicated below.

File Edit Help

=18 x|

Froperty

Temperature

Heat capacity at vapor saturation pressure Caat

Entropy

Enthalpy function {H(T -HIO)}T

Uitz

K

ALL OTHER UNITS

ALLOTHER UNITS | ALL OTHER UNITS

1

1. CLICK OK.

oc

‘Your data hawve been processed

Mow you can enter or paste data for anather phase and process them

2. CLICK Done, after
data for all phases
have been captured..

Clear the Table |

Process

Dione |

iistartl“ T & ) = & W =3 ”|J ®yrh | s Bc. | 56 ] Mi...l Eeo.. | @Eu...“[‘;Th... |§<ﬂe@ﬂ‘{)g 2|62 1040 AM




im. Guided Data Capture - Thermophysical and Thermochemical Data

File Edit Tools Help

Reference Compaund Sanple MMixkure Reackion Property Data Tables

=1 1997 chi ki [
= 1,3-dimethylbenzens
- Sample 1 [za:fd;99.90m hc)
: '| C5 [C) Set 1, B, Smoothed MethodWADIAC dC5= |:|'| 4

NOTE: When, done. All
NOTE: DOUBLE CLICKING on of the new data sets
any data set allows editing of the appears in the tree under
entered information. the appropriate Sample.




END

Continue with other compounds,
samples, properties, reactions, etc...

or save your file and exit the program.




